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[57] ABSTRACT

Acoustic waves are sensed in contact with or near the
plant at at least two points (1, 2, 3, 4) whose position 1is
accurately determined with respect to the monitored
region. The order of arrival of the acoustic waves at the
sensing points (1, 2, 3, 4) is determined and this order is
compared with a predetermined order corresponding to
a phenomenon occurring in the monitored region. An
alarm is triggered if the order of arrival corresponds to
the predetermined order. The apparatus includes an
encoding logic (9), a comparator (10) and a monostable
circuit (12) triggering the alarm. The invention is partic-
ularly applicable to monitoring nuclear reactors in oper-
ation.

2 Claims, 9 Drawing Figures
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METHOD AND APPARATUS FOR
ACOUSTICALLY MONITORING AN INDUSTRIAL
PLANT

This application is a continuation-in-part of applica-
tion Ser. No. 301,848, filed Sept. 14, 1981, now aban-

doned.

FIELD OF THE INVENTION

The invention concerns a method of acoustically
monitoring an industrial plant to detect the formation or
development of incidental phenomena which may
occur in at least one defined region of this plant, by
sensing acoustic waves accompanying these phenom-
ena.

BACKGROUND OF THE INVENTION

In a complex, large industrial plant such as a pressur-
ized water nuclear reactor, unwanted incidental phe-
nomena may occur, such as fracturing, friction between
neighboring parts or impact between a structural ele-

ment of the reactor and a mechanical member such as a
bolt, a washer or a valve element which becomes de-

tached from the structure of the reactor and moves at
high speed within it. Such a mechanical member de-
tached from the structure of the reactor is carried along
by the cooling water of the reactor which circulates at
very high speed.

In practice, 'in plants such as pressurized water nu-
clear reactors, because of the stresses experienced by
parts in service, these being stresses of thermal or me-
chanical origin, for example, more or less complete
local fractures may occur which can develop to the
point of a part becoming detached from the structure
and being carried along by the flow to become a mi-
grant body in the plant. The effect of stresses is also
increased by corrosion.

Also, before the part becomes completely detached
from the structure, or where the connection between
the part and the structure is being completely de-
stroyed, friction or impact may occur between the part
becoming detached and the part of the plant located
near it.

In all instances, it is essential to detect the fracture,
friction or impact phenomena as rapidly as possible and
to monitor their development before they cause signifi-
cant damage in the plant.

The use has long been proposed of acoustic sensing
devices positioned on the structure of the plant or mi-
crophones positioned in the atmosphere near the struc-
ture in which these destructive phenomena may occur,
to sense or record the acoustic waves accompanying the
incidental phenomena requiring very rapid detection.

For example, acoustic sensing devices for supplying a
signal in response to excitation by acoustic waves have
been installed near the regions in which the probability
of impact is large or near parts with a considerable
probability of fracture.

In a complex industrial plant which 1s in operation,
however, acoustic waves may be produced at various
locations in the plant, because, for example, machine
members such as pumps or fans are in practically con-
tinuous operation.

In the case of nuclear reactors, noise of very varied
origin, such as noise accompanying closure of the flap
of a valve, the movement of control rods or other mov-
able members can create acoustic signals of the impulse
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type which are observed at the sensing device terminals
and which can be taken for signals resulting from an
impact or friction between two parts or from cracks
propagated at the moment when a part fractures.

It is very difficult to discriminate effectively between
signals due to incidental phenomena and signals due to
other causes whose origin can be located in a remote
part of the plant.

In particular, currently known apparatuses do not
allow a weak acoustic excitation whose source is nearby
to be distinguished from a greater excitation created a
long way off.

For example, in the case of nuclear reactors, known
apparatuses do not allow distinguishing of acoustic
waves due to an impact on the bottom of a steam gener-
ator and closure of a valve flap a long way from the
region in which the sensing device is located. The use of
recordings from sensing devices by an electronic moni-
toring apparatus therefore makes it necessary to take
account of the behavior of signals and to analyze them
by using an oscilloscope.

In addition, electrical interference may be perceived
by the monitoring chain as an acoustic pulse which
causes false alarms.

Apparatuses have also been proposed which can be
used in the field of non-destructive testing of materials
which allow a source of acoustic emissions to be exactly

located, for example a fault in the structure of material
which emits acoustic waves under the effect of stress.

For this technique, an array of semnsing devices 1s
disposed in contact with the structure or material being
tested, the time intervals separating the arrival of acous-
tic waves at the various sensing devices of the array are
measured, and these measurements are processed to
locate the source of acoustic emissions.

However, such a unit for measuring and processing
acoustic signals is very complex, and in the case of an
industrial plant, a processing unit of very great capacity,
and hence very expensive, would have to be used to
obtain accurate location of each source emitting an
acoustic signal picked up by the set of sensing devices.

Furthermore, distinguishing various acoustic signals
by locating their emission source would also pose prob-
lems which would be difficult to solve technically, if
very rapid processing and triggering of an alarm 1s
required before the recorded phenomenon has devel-
oped to any great extent.

SUMMARY OF THE INVENTION

According to the invention, there is provided a
method of acoustically monitoring an industrial plant to
detect the formation or development of incidental phe-
nomena which may occur in at least one defined region
of this plant, by sensing acoustic waves accompanying
these phenomena, this method having to allow very
rapid and very easy processing of data from the sensing
devices and effective and very simple distinguishing of
the sources responsible for acoustic emissions, to deter-
mine those located in the region or regions over which
monitoring of the plant is exercised.

To obtain this result:

acoustic waves are sensed in contact with or near the

plant, at at least two points whose position 1s accu-
rately determined with respect to the region in
which monitoring is carried out,

the order of arrival at the sensing point for acoustic

waves corresponding to each of the phenomena
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producing noise in the plant is determined, for at
least some of these sensing points,

this order of arrival of the waves at the sensing points

is compared with a predetermined order of arrival

produced at any location in the monitored region,
and

an alarm 1s triggered if the order of arrival of the
waves at the sensing point corresponds to the pre-
determined order of arrival.

When the extent of the regions 1s required to be de-
creased or when the noise-emitting source is required to

be more accurately determined, the monitoring method
can be improved.
To achieve this, the sensing point at which the acous-

tic waves arrive first 1s determined, the time intervals

separating the arrival of the acoustic waves at the sens-
ing points are determined for at least some of the sens-
ing points, and these time intervals are compared with a
set of predetermined time intervals defined as a function
of the sensing point at which the acoustic waves arrive
first and corresponding to the production of an acoustic
phenomenon in a defined region of the plant.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may be more clearly un-
- derstood, several embodiments of monitoring appara-
tuses, allowing implementation of the method accord-
ing to the invention, will now be described with refer-
ence to the accompanying drawings, wherein:

FI1(s. 1 shows an apparatus according to the inven-
tion, allowing the determination of the order of arrival
of acoustic waves coming from the same source at a set
of four sensing devices.

FIG. 1a is a diagram showing in greaier detail the
structure of one of the elements of the embodiment of
FIG. 1.

FI1G. 2 represents the signals processed by the appa-
ratus of FIG. 1.

FIG. 3 shows diagrammatically an apparatus with
four sensing device used for monitoring an industrial
plant.

FIG. 4 represents the arrangement of the sensing
devices of an apparatus for monitoring the weld region
of a tapping from a pipe system.

FI1G. S represents the spatial distribution of the re-
gions which can be monitored by means of an apparatus
with four sensing devices.

FIG. 6 represents an apparatus with four sensing
devices used for monitoring a delimited region of an
industrial plant.

FIG. 7 represents the signals processed by the appa-
ratus of FIG. 6.

FIG. 8 represents the group of regions of a plant
which can be monitored by an apparatus like that repre-
sented 1n FIG. 6.

DESCRIPTION OF PREFERRED
EMBODIMENTS

FI1G. 1 shows a source 5 of acousiic emissions emit-
ting waves in all directions inside material constituting

the plant 1in which four sensing devices 1, 2, 3 and 4 are’

arranged at predetermined locations.

These sensing devices are arranged in a mesh the
geometry of which i1s determined by calculation or
experiment so as to optimize the subsequent processing
of acoustic waves, and which is disposed partly or
wholly in the region to be monitored.
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These sensing devices are piezo-electric sensing de-
vices of the differential type and are provided to oper-

ate at temperatures of 0° to 350° C. Their resonance

frequency i1s of the order of 200 to 300 kHz.
- The sensing devices 1, 2, 3, 4 convert the acoustic

waves received from the source 5 into high-frequency
signals repesented in FIG. 2. These high-frequency
signals are processed by a chain comprising, for each of
the sensing devices, an amplifier 6, a signal discrimina-
tor 7 which will be described in detail with reference to
FI1G. 1a and a retriggerable monostable multivibrator 8.

The amplifier 6 1s installed at a distance of less than 10
meters from its sensing device. Iis pass-band ranges
from 30 kHz to 2 MHz and its gain is fixed and adjusted
locally to 20, 40 or 60 dB.

prises several components connected as indicated in the
figure. The component 7a is a high pass filter which
comprises four adjustable frequency ranges (50-100-20-
0-400 kHz).

The component 7b is a rectifying module.

The component 7¢ is a module for forming an enve-
lope signal. ®

The component 7d 1s a signal comparator and emitter
module.

The functions of these components are specified be-
low, with reference to FIG. 2. ”

In FIG. 2, are shown the signals obtained at the out-
put of the component 7a, 7b, 7¢, 7d and 8. These signals
are each denoted by the reference numerals of the cor-
responding component with addition of the sign ’.

The signal 7'a corresponds to the high-frequency
signal transmitted by the sensing device (1, 2, 3 or 4),
amplified by the amplifier 6 and filtered by the high pass
filter 7a. This signal 7'a comprises a background noise B
connected with the operation of the industrial installa-
tion. The amplitude of the background noise is hence

not constant but depends on the operating phases of the

installation. When an accidental phenomenon occurs, a
disturbance P appears in the signal 7'a. The amplitude
of the signal manifesting the disturbance P is much
greater than the amplitude of the background noise
signal B.

The signal 7'a is subjected to full wave rectification in
the rectifying module 75, 10 give the signal 7'b.

The module 7¢ develops the envelope signal 7'c
which 1s obtained by the addition of a signal of fixed
value adjustable to the signal 7'b. For the rectified sig-
nai corresponding to the background noise B, the enve-
lope signal 7' ¢ develops parallel with the rectified signal
B, but with a slight delay arising from its mode of for-
mation.

When a disturbance P appears, the envelope signal
can no longer follow the sudden variations in amplitude
of the reciified signal. The first alternations of the signal
7'b hence exceed the envelope curve in amplitude.

‘The component 7'd of the discriminator 7 enables the
points of intersection between the signal 7'd and the
envelope signal 7'c to be detected, by comparison of the
two signals. The component 74 uses the envelope signal
7T'c as giving threshold values to trigger all or nothing
signals of constant amplitude 7'd.

The disturbance P associated with the appearance of
an accidental phenomenon is manifested therefore at the
output of the component 7d by a sequence of pulses.

In the module 8 which 1s a retriggerable monostable
circuit, the first pulse of the signal 7'd triggers an all or
nothing signal 8 of predetermined constant duration.
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The start of this signal 8 corresponds to the instant Ti
when the acoustic waves accompanying an incident
arrive at the corresponding sensing device.

Only the order of arrival (and possibly the time sepa-
rations At separating the reception of the signals at each
of the sensing devices) are then taken into account and
obtained from the signals 8.

The signals 7’6, 7'c or 7'd can be collected at test
points T1, T2 and T3, respectively, and displayed on a
cathode screen or a rapid recording panel. The opera-
tors can thus easily carry out adjustments on the dis-
played signals.

The signals 8 coming from the retriggerable mono-
stable multi-vibrators corresponding to the sensing de-
vices 1, 2, 3 and 4 arrive at a module 9 which comprises
a coding logic for the attribution of a code to each of the
signals 8' according to its order of arrival in the module
9 and its emission line, each emission line corresponding
to one of the sensing devices 1, 2, 3 and 4. The data
relating to the order of the signals are hence obtained in
digital form in the module 9. A module 11 enables an
operator to record a predetermined arrival sequence of
the signals, in digital form and to transmit this sequence
to a comparison module 10. This sequence manifests,
when it is detected, the presence of an accidental phe-
nomenon in the monitored area of the plant.

The comparator module 10 enables comparison of the
order of the signals translated into digital form by the
coding module 9 with the predetermined sequence
transmitted in digital form by the module 11.

In the case of identity between the data received by
the comparator 10, the latter acts on a monostable cir-
cuit 12 which emits in response an all or nothing signal.
This signal is an indication of an accidental phenome-
non in the monitored zone of the installation and enables
an alarm to be triggered.

The modules 7, 8, 9, 10, 11 and 12 are constituted by
logic components of the “CMOS” and “TTL” type
marketed by companies such as Texas Instruments,
National Semiconductors, Harris and Motorola.

FIG. 3 shows a way of applying an apparatus for
determining the sequence of arrival of signals at a set of
sensing devices arranged in a plant in which a region
with a particular position and shape i1s required to be
monitored. |

The region 14 to be monitored is shaped like an equi-
lateral triangle ABC and the acoustic sensing devices 1,
2, 3 and 4 are arranged with the sensing device 1 at the
center of the triangle ABC and with the sensing devices
2, 3 and 4 symmetrical with the sensing device 1 with
respect to the sides BC, AB and AC, respectively, of the
equilateral triangle ABC constituting the monitoring
region 14.

The acoustic signals received by the sensing devices
and converted to high-frequency signals are processed
by amplifiers 6 and discriminators 7 to convert the sig-
nals as described hereinbefore.

The signals are then processed in a unit 9 for deter-
mining the order of arrival and a comparator 10 allows
determination of whether or not there is identity be-
tween the order of arrival at the sensing devices and a
preselected order of arrival.

If there is identity, an authorization signal is transmit-
ted, and this signal triggers an alarm or printing of a
piece of information at a printing unit 30.

In the case of a region 14 like that represented in FIG.
3, it is sufficient to determine the sensing device which
first receives the acoustic emission. In practice, if there
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is assumed to be a source 15 of acoustic emissions dis-
posed inside the region 14 and a region 16 of acoustic
emissions disposed outside, it is quite clear that the
source 15 is nearer the sensing device 1 than the other
sensing devices 2, 3 and 4 and that conversely the
source 16 is nearer at least one of the sensing devices 2,
3 and 4 than the sensing device 1.

All that has to be determined, therefore, to discover
whether the source of acoustic emissions is disposed in
the region 14 or outside this region, is which sensing
device first receives the acoustic emission. In practice,
the acoustic waves move at constant speed 1n the mate-
rial constituting the plant the region 14 of which 1s
monitored, and the travelling time of these acoustic
waves is dependent only on the distance from the
source of acoustic emissions to the sensing device which
receives it.

If the sensing device first receiving the acoustic emis-
sion is the sensing device 1, the source of acoustic emis-
sions is hence definitely in the region 14 and, con-
versely, if the sensing device first receiving the acoustic
emission is another sensing device (2, 3 or 4), the source
16 of acoustic emissions is, also definitely, outside the
region 14.

The single comparison made at the comparator 10 1s
hence a comparison between the code of the signal
coming from the sensing device which first received the
acoustic emission and the predetermined code corre-
sponding to an acoustic emission first received by the
sensing device 1.

If there is identity between these two codes, the au-
thorization signal is transmitted and in addition process-
ing is initiated in a unit 31, on the signal emitted by the
sensing device 1, to determine, for example, the energy
of the acoustic source located in the region 14 being
monitored.

This processing can be constituted, for example, by
counting of the number of pulses in the signal amplified
and converted by the discriminator 7. This signal is
similar to signal 7'd shown 1n FIG. 2.

FIG. 4 shows another application of the method ac-
cording to the invention, this being used for monitoring
a weld region 32 at the junction between a tapping 33
and a pipe system 34.

Four sensing devices are used, the first three sensing
devices 35, 36 and 37 being arranged respectively on the
axis of the pipe system 34, and the fourth on the axis of
the tapping 33.

The sensing device 35 is disposed near the weld re-
gion 32, while the sensing devices 36 and 37 are ar-
ranged symmetrically on either side of the sensing de-
vice 35 inside the pipe system 34.

An arrangement is selected in which the sensing de-
vice 35 is much nearer the weld region than the other
sensing devices.

To sense an acoustic emission originating in the weid
region, due, for example, to the onset of fracture in this
weld region, all that has to be determined is identity
between a selected event, 1.e., the arrival of the acoustic
signal first at the sensing device 35, and that actually
observed. -

A piece of equipment of the type represented in FIG.
3, which uses determination of the sensing device first
receiving the acoustic emission as its sole distinguishing
element, can therefore be used.

An arrangement of sensing devices identical to that
represented in FIG. 3 is shown is FIG. §, and 1nside the
region 14, regions 14a, 145, 14c, 144, 14¢ and 14/, the
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boundaries of which are the mid-perpendiculars of the
triangle ABC passing through the center of the triangle
in which the sensing device 1 is found, have also been
delimited.

If the region 142 bounded by part of the side BC of 5

the triangle ABC and by two mid-perpendiculars of the
triangle formed by the sensing device is considered, it

will be seen that any point in this region 14« 1s nearer

the sensing device 1 than the other sensing devices and

that any point in this region 14a is nearer the sensing
device 2 than the sensing device 3.

Therefore, if the signals arrive at the sensing devices
1, 2, 3, 4 in such a way that these acoustic signals first
arrive at the sensing device 1, then at the sensing device
2 and lastly at the sensing device 3, the point of emission
of these signals is disposed inside the region 14a.

A more accurate delimitation of regions to identify
the point of emission of the acoustic waves is therefore
possible, by considering the order of arrival after the
first sensing device.

- With reference to FIG. 6, it can be seen that it is
* possible to accurately delimit regions on the surface
where the sensing devices occur by using measurements
of the time intervals separating the arrival of acoustic
waves at a set of sensing devices arranged in an array on
the surface of the plant to be monitored.

FI1G. 6 shows four acoustic sensing devices 41, 42, 43
and 44 arranged in a square array on the surface; which
is metal, for example, of a plant to be monitored, such as
the curved bottom of a nuclear reactor vessel or of a
steam generator assoctated with a nuclear reactor.

The signals coming from the acoustic sensing devices
41, 42, 43, 44 are processed by amplifiers 46 and then by
a calculating unit 43.

The calculating unit comprises a processing unit for
the signals S46 coming from the amplifiers 46. This
processing unit is similar to the device described with
reference to FIGS. 1 and 1ag, and enables in particular
the determination of the sensing device where the
acoustic waves connected with an accidental phenome-
non have arrived first.

The calculating unit 45 includes also a module for the
development of all or nothing signals of which the ini-
tial moment corresponds to the arrival of the acoustic
waves at the first sensing device and the final moment to
the arrival of the acoustic waves at the succeeding sens-
ing devices, respectively. This module 1s constituted by
commercial logic components, like the processing unit
described with reference to FIGS. 1 and 1a. '

FIG. 7 shows, 1n its upper portion, the signals S46
emitted at the output of the amplifiers 46, of which the
order at the sensing devices is 1-2-3-4.

In the lower portion, there are shown the all or noth-
ing signals S45 at the output of unit 45 of respective
durations of At 1,2, At 1,3 and At 1,4.

As FIG. 7 shows, the signals represenied relate to an
acoustic emission from a point located inside the first
guadrant bounded by the axes OX and OY represented
in FIG. 6. In practice, the acoustic waves arrive first at
the sensing device 41 before arriving at the sensing
devices 42, 43 and 44 {for all the points located in this
first quadrant.

For example, in the case of an emiiting point 50 dis-
posed in the first quadrant containing the first sensing
device 41, the unit for determining the order of arrival
of acoustic waves at the sensing devices identifies the
sensing device 41 as the first sensing device receiving
the acoustic wave, and transmits this piece of informa-
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tion to the calculating unit which determines the AT’s
separating the arrival of waves at the sensing device 41
from the arrival of waves at the sensing devices 42, 43
and 44, respectively.

A monitoring region 52 has also been determined
inside the first quadrant OX-OY bounded by the axes
OX-0OY and by two hyperbolic branch portions 33 and

54 whose foci are the points on the surface where the

sensing devices 41 and 42 are disposed.

The difference in the distances separating these points
of the sensing devices 41 and 42 are constant for each of

the points of these hyperbolic branches 33 and 4.

For an acoustic emission to originate from a point in
the region 52, for example the point 50, the first sensing
device reached by the acoustic wave must therefore be
the sensing device 41, and in addition the value AT1;,
which is the time interval separating the arrival of
waves at the sensing, device 2 from the arrival of waves
at sensing device 1 must be between two predetermined
fixed values which correspond to points located on the

hyperbolic branches 53 on the one hand and 54 on the
other.

When the unit associated with the calculating unit 43
has determined that the sensing device 41 was the first

to receive the acoustic waves, the spatial discrimination
logic unit 47, receives a signal representing AT1; as a
consequence and this signal 1s compared by the discrim-
ination logic 47 with the two predetermined values
corresponding to the limits of the region 52.

FI1G. 8 shows part of a nuclear reactor vessel bottom
on which four sensing devices 61, 62, 63 and 64 have
been arranged in a square array and on which a complex
region 65 has been marked out, in which montitoring of
incidental phenomena such as impacts against the wall
is required to be carried out.

The region 65 is constituted by four region portions,
such as the region 52 represented in FIG. 6 bounded by
the half-axes OX, OY, OX! / and OY1 and hyperbolic
branch portions whose foci are respectively identical
with the acoustic wave sensing points 61 and 62 on the
one hand and 63 and 64 on the other.

In the case of acoustic emissions transmitted by the
wall of the nuclear reactor vessel, a measuring and
discriminating apparatus of the type represented in
FIG. 6 allows the quadrant in which the acoustic emis-
sion source 1s to be found to be determined and the
values of AT1; or AT3 to be supplied to the discrimina-
tion logic 47 which allows determination of whether
these values come between two assigned values corre-
sponding to positions of the acoustic emission source on
the hyperbolic branches bounding the region &S in the
quadrant containing the sensing device 61 and in the
quadrant containing the sensing device 62.

Similarly, in the case of the acoustic emission having
been first received by the sensing device 63 or by the
sensing device 64, the processing unit 45 allows the
values of AT34 or AT43to be calculated, the discrimina-
tion logic 47 allowing these values to be compared with
the predetermined and prerecorded values correspond-
ing to the positions of acoustic emission sources on the
hyperbolic branches bounding the region 65 in the
quadrant containing the sensing device 63 and in the
quadrant containing the sensing device 64.

The principal advantage of the method according to
the invention is that it allows very easy and very rapid
spatial discrimination of the origin of the emission of
acoustic waves, either by using solely the order of ar-
rival of acoustic waves at the sensing devices arranged
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in a particular way with respect to the regions to be
monitored, or by using both the order of arrival of
acoustic waves at the sensing devices and the value of
the time intervals separating the arrival of these acous-
tic waves at at least some of these sensing devices.

The invention is obviously not limited to the embodi-
ments described.

Thus, use of any number of sensing devices 1s con-
ceivable, and theoretically a spatial discrimination can
be achieved with two sensing devices, although this is
limited to determining in what half-plane or half-space
the source of acoustic emission is to be found.

The limits of the region to be monitored can of course
be more precisely defined by increasing the number of
sensing devices.

When the region to be monitored 1s small, it 1s clearly
advantageous to dispose one sensing device in its imme-
diate vicinity and other sensing devices at greater dis-
tances from the region. In particular, if sensing devices
are arranged in this way about the sensing device lo-
cated near the region to be monitored in very many
directions in space, discrimination can be carried out
very effectively. |

The invention has been largely described in the con-
text of its use in the case of nuclear reactors, but it 1s also
possible to envisage it being used in any industrial plant,
particularly in a complex, large industrial plant such as
a refinery or a petrochemical plant.

We claim:

1. Apparatus for acoustically monitoring an industrial
plant in a defined monitoring region of which incidental
phenomena accompanied by acoustic waves may occur,

d
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the monitoring region being in the shape of an equilat-
eral triangle and the apparatus comprising

(a) a set of four sensing devices arranged at the center
of a first equilateral triangle constituting said moni-
toring region and at locations symmetrical with
said center with respect to the sides of said first
equilateral triangle, respectively, said sensing de-
vices thus being arranged at the vertices and at the
center of a second equilateral triangle having a
common center with said first equilateral triangle;
and

(b) for each of said sensing devices, an amplifier and
a discriminator of signals emitted by said sensing
device in response to the reception of acoustic
waves, and a retriggerable monostable multivibra-
tor following said discriminator and producing
from the signal emitted and converted by said sens-
ing device a signal of fixed amplitude and duration
the initial instant of which corresponds to the exact
instant of arrival of the signals at each of said sens-
ing devices;

(c) a logic unit for determining the order of arrival of
acoustic waves at said sensing devices by discrimi-
nation of the signals from said multivibrators;

(d) a comparator of said order of arrival with a prede-
termined coded order of arrival and an associated
means for emitting a signal in the case of an identity
of said orders of arrival; and

(e) alarm means which are triggered when said signal
is emitted in the case of identity.

2. Apparatus according to claim 1, comprising means

for counting the number of pulses of the signal from the
sensing device which first received the acoustic wave,

in response to the signal emitted in the case of identity.
*x X % % %
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